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A study Mas cof¥lucted to deterarine the fuel efficiency advantages of 
replacing the conventional wing on a transat1antic*range business jet with a 
larger, strut-braced, aspect ratio 25 Ming. Lifting struts Mere selected for 
the study airplane based on an induced drag iaproveaent over non-lifting struts. 

The strut-braced uing airplane cruises at higher altitudes and lOMer speeds 
than the conventional Mii^ configuration due to the significantly higher cruise 
lift coefficients required to realize the mich higher lift-to-drag ratio poten- 
tial of the high aspect ratio wing. Tmo engines Mere considered, the baseline 
engine and a higher thrust engine to attain higher cruise altitudes. Also, 

(hje to its larger Ming, the strut-braced wing airplane has a ouch louer Ming 
loading than the conventional Mir' airplane. Although strut-bracing reduces 
the total Meight for a given uing planfom, the larger, high aspect ratio wing 
Meighs nore than the conventional wing. The ioproved aerodynanic perforoance, 
however, nore than conpensates ror this weight penalty. 

Fue'* savings were detemined for a range of payloads, operating weights, 
and cruise speeds and for both engines. With both airplanes flying the same 
payload- range, a fuel savings in excess of twenty percent is realized with the 
strut-braced wing design. However, the strut-braced wing airplane will be 
more expensive to build, and, due to the lower cruise speeds, less productive 
than the conventional wing configuration. 

INTRODUCTION 

This study has been conducted as part of an on-going effort to evaluate 
different aoproaches toward iitproving the fuel efficiency o' aircraft. The 



present study consists of an evaluation of tno subsonic business jets incorpor- 
ating an aspect ratio 25, strut-braced high wing. The baseline airplane for the 
study is a low, cantilever wing business jet with transatlantic range. E^h 
aircraft a^as configured for a flight crew of two and accoModations for a waxinuB 
of 13 passengers. As mtch of the baseline airplane fuselage as feasible was 
retained for the strut-braced wing configurations. 

Two strut-braced wing configurations were developed differing only in the 
engine used. In the first version a relatively high thrust engine was chosen in 
order to attain very high cruise altitudes while in the second the baseline air- 
plane engine was used. For convenience the two airplanes are referred to as ttie 
SB-1 and SB-2, respective^v. in addition to the obviotiS struts and braces, the 
wings of tiie strut-br?' and baseline airplanes are quite different exc^t for 
their streanrise thickness and planforv taper ratios. The strut-braced wing has 
an aspect ratio of 25 and naturally laninar airfoils, while the baseline wing has 
an aspect ratio of 9.77 and supercritical airfoil sections. The strut-braced 
wing is unswept whereas the quarter-chord sweep of the baseline wing is 23 
degrees. 

The study was done in two phases. In the first, the naxiniffi takeoff gross 
weight of the strut-braced wing airplanes was limited to that of the baseline 
airplane and the effect on range was noted. In the second part, the strut-braced 
wing configurations were required to fly the sane payload-range mission as the 
baseline airplane, and the fuel requirements were determined and compared to the 
baseline airplane. An additional study variable, applicable to both of the above 
phases, was passenger accoramdations. A weight increment was established to 
account for the acconinodations required for each passenger. These weights were 
handled in two ways during the payload/range analysis: (1) the operating weight 

was adjusted as the nixaber of passengers changed; (2) the operating weight was 
held constant at the value for 13 passengers, irrespective of the actual njxnber 
of passengers. 

Included in this study were configuration definition and layout; weight 
and drag estimations; design of wing struts and braces from loads, weights, and 
aerodynamic viewpoints; the estimation of installed engine data; and mission 
performance. 



SYieOLS AND DEFINITIONS 


Wiere applicable, values are given in this report in both International 
Systea Units (SI) and U.S. Custaaary Units. All calculations were mde in U.S. 
Custoaary Units. 

A aspect ratio 

b wing span, ■ (ft) 


* 1 ) 


lift coefficient, L/qS 


drag coefficient, D/qS 


induced drag coefficient 


parasite drag coefficient 


c.g. 

'n 


coopressibility drag coefficient 


average skin-friction coefficient, F/qS 


wet 


center-of-gravity, -vircent MAC 


yawing nmient coefficient, yawing raoraent/qS^b 


rudder chord 


'vt 


vertical tail chord 


drag, N (Ibf) 


Oswald's airplane efficiency factor, induced-drag efficiency factor 


EAS 


equivalent airspeed, m/s (knots) 
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F 


equivalent flat plate area, ^wet’ ^0 
hp pressure altitude, m (ft) 

HP horsepoMer 

L lift, N (Ibf) 

LFC laminar flow control 

H Hach number 

MAC mean aerooynamic chord, m (ft) 

bending moment at wing station m-N (in>1bf) 
q dynamic pressure. Pa (Ibf/ft^) 

Rg Reynolds nunt)er 

S reference area, m^ (ft^) 

t/c thickness to chord ratio 

TOGU takeoff gross weight, N (Ibf) 

V horizontal tail volume coefficient 

W weight, N (Ibf) 

y spanwise chord location relative to airplane centerline, m (ft) 

;.Cjj lift-dependent parasite drag coefficient 

P 
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rudder deflection, deg 
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r 

n seni-span fractior 

Subscripts: 
min BiniBun 

s strut 

M wing 

wet wetted area 


AIRPLANE OEVELOPNENT 
Design Criteria 

A number of design criteria were established for this study. The baseline 
airplane and mission ground rules were identical to the non-LFC business jet of 
reference 1. The baseline fuselage, insofar as possible, was to be used by the 
strut-braced configurations including accommodations for a cr. . of two and 13 
passengers. The wing was to have an aspect ratio of 25 and NACA naturally lam- 
inar airfoils. Engine selectit.i was to be limited to those currently available. 
The baseline airplane engine was to be the second study engine for the strut- 
braced wing airplane. 

Payload-range comparisons were to be made between the baseline and strut- 
braced wing configurations, with the maximum takeoff gross weight of the strut- 
braced wing airplanes limited to that of the baseline airplane, 86.3 kN 
(19 400 Ibf). Fuel required comparisons were to be made between the baseline 
and strut-braced wing business jets with both aircraft flying the payload-range 
of the baseline airplane. Both the payload-range and the fuel required compari- 
sons were to be made at long-range and high-speed cruise conditions, and with 
the airplane operating weight adjusted for passenger accommodations, as in the 
study of reference 1. 
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Configuration Description 

The baseline airplane for this study is from figure 1 of reference 1 and 
is presented in this report in figure 1. 

The tkfo business jets configured for this study have the same strut>braced 
ifing, fuselage, empennage, and landing gear, but differ in the engine used. The 
SB-1 version uses the General Electric TF34-GE-100 engine, Mhile the SB-2 employs 
the Garrett AiResearch TFE731-2-2B engine scaled to the thrust level of the 
TFE731-3 engine. Both airplanes are strut-braced high-wing configurations with 
two engines attached to the aft fuselage and with the horizontal stabilizer 
mounted on top of the vertical fin. General arrangements of the two airplanes 
are shown in figures 2 and 3. The main physical characteristics of the baseline 
and strut-braced wing airplanes are sumnarized in table I. 

The fuselage for the two strut-braced configurations is that of the base- 
line airplane modified for wing and landing gear relocations. The fuselage 
accommodates a crew ot two and a maximum of 13 passengers with an 86 cm (34 in) 
seat pitch. The fuselage length is 16,46 m (54 ft), and the maximum diameter is 
1.83 m (6 ft) with a center cabin aisle height of 152 cm (60 in). The passenger 
cabin includes a toilet, vanity cabinet, and refreshment console. A luggage 
compartment with a volune of 1.39 m^ (49 ft^) is located in the aft fuselage. 

The wing selected for the two strut-braced airplanes has 0° sweep at the 
quarter-chord and natural laminar-flow airfoils with an average thickness ratio 
of 12.2 percent. The wing has a reference area (trapezoidal) of 51.10 m 
(550 ft^) with a taper ratio of .400 and an aspect ratio of 25. The wing is 
braced with a single strut stabilized by two side braces. 

The empennage for the two strut-braced configurations Is larger than that 
for the baseline airplane of figure 1. Sizing was based on static stability and 
control criteria for the landing and takeoff modes of flight. The horizontal 
tall has an area of 7.06 m‘ (76 ft^), and the vertical tall an area of 6.64 
(71.5 ft2). 

The landing gear for the two strut-braced wing airplanes has a single-wheel 
nose strut and two doub.j-wheel main struts. The main landing gear Is located 
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at the rear fuselage pressure bulkhead so that the gear assembly can retract 
inside the fuselage aft of the pressure bulkhead. 

A fuel holding and distribution tank of 852 liters (225 gallons) is located 
in the aft fuselage. The remaining fuel, 2847 liters (752 gallons), is carried 
in integral wing tanks. With the JP-4 fuel used in this study, at a density of 
.779 kg/liter (6.5 Ibm/gal), the airplane fuel capacity is 2.88 Ng (6 ^ 7bm). 

STRUCTURAL AND HEIGHT ANALYSIS 

Because there is little weight data on wings with aspect ratios greater 
than 12, structural strength and deflection studies were conducted to sum>ort 
the wing and airplane weight analyses. The results of the structural studies 
are presented first, followed by the weight-analysis results. 

The (fetailed structural and weight analysis approach taken for determining 
the weight of the strut-braced wings is given in Appendix C of reference 2. This 
approach consists of first determining the weight of the cantilever wing utiliz- 
ing a statistical mass properties computer program. The strength and deflection 
characteristics of both cantilever and strut-braced wings are then determined 
with the SPAR Structural Analysis System of reference 3. Next, utilizing the 
wing and skin sizing data from the SPAR program and the strut-sizing data deter- 
mined by the methods given in Appr- 'x C of reference 2, tte net weight saving 
of the strut-braced wing over the cantilever wing is established. This net 
weight saving is subtracted from tte weight of the cantilever wing resulting 
in the strut-braced wing weight. 

Throughout the structural study the following parameters were used: fuel 

in the wing up to the maximum of 2.22 Mg (4890 Ibm) and .66 Mg (1460 Ibm) in the 
fusela'’ ultimate load factor of 3.75; and a wing with an aspect ratio of 25 
and an are<> if 51.1 m^ (550 ft^). The SB-2, 86.7 kN (19 500 Ibf), configuration 
was used as the vehicle for basic structural studies. Tte structural weights 
for the heavier SB-1, 97.9 kN (22 010 Ibf), configuration were estimated based 
on the SB-2 structural study. 
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Structural Configuration and Model 

The SPAR Structural Analysis System cantilever and strut-braced models are 
shoM) in figure 4. The wing is identical for both the cantilever and strut- 
braced configurations and is fabricated from conventional high-strength 7075-T6 
aluminum alloy. The wing box consists of wing skins stabilized by stringers, 
full-depth ribs, and two spars located along the 15 percent and 65 percent chord 
lines. The 1.52 mm (.06 in) thick leading- and trailing-edge skins carry only 
pressure loads and were modeled to carry no wing bending or shear loads. To 
facilitate the analysis, the spars and ribs were held at a constant gauge of 
2.54 mm (.10 in). 

A detailed design of tto struts was conducted to optimize the strut config- 
uration for minimun t^ight. The details of the method are given in /^)pendix C 
of reference 2. The struts are lifting struts and are attached to the bottcm 
side of the fuselage and to the lower wing-skin at a wing rib and are stabilized 
by lateral braces attached to the wing as shown in figures 2 through 4. Based 
on the study of reference 2, the strut attachment to wing location was selected 
at n = .429. The 7075-T6 aluroinuin-alloy strut is of sheet-stringer construction 
and utilizes two spars, as shown in figure 5. The struts have a 0.61 ra (24 in) 
chord and a t/c of 12 percent based on aerodynamic requirements. 

To design the struts with the desired chords, thickness -chord ratio, and 
reasonable weights for the strut length required, it was necessary to stabilize 
the single strut with one or two side braces. The struts without the side sta- 
bilizing braces would be unstable in column bending even with solid aluminum 
structural boxes. Appendix C of reference 2 presents details of the method used 
to design the braces. The braces are symmetrical airfoil shaped aluminum skins 
with a t/c of 12 percent and a chord length of 0.1 m (4 in). 

Loads 

Airloads were calculated for cruise at tha +2.5g and -Ig (limit) maneuver 
conditions and are shown in table II. For both the cantilever and strut-braced 
wing configurations, airload distributions were assumed to be constructed half- 
way between the elliptical and actual planform geometry distributions, where 
the ordinates of the loading were selected so that each distribution gave the 



f 


same total load. The strut was designed to carry 13.9 percent of the wing air- 
load. 

The wing box is, in general, critical for the +2.5g mamuver condition 
while the strut is critical for the -Ig condition. For the latter condition the 
strut must carry combined bending and axial compression loads. The airloads 
cause the wing to bend, producing strut axial compression. Fairly high compres- 
sion loads were also calculated in the strut for the -<-2.0g taxi condition. The 
side stabilizing braces were determined to be critical from ccmpression loads 
resulting from a 2.5g positive flight maneuver. Both rigid body and dynamic 
components were included for the taxi condition. Utilizing a typical landing 
gear time-history input, the wing dynamic response loads and deflections were 
not significant In conqiarison to the rigid body component. 

Structural Results 

The wing bending and shear loads are shown in figures 6 and 7, respectively. 
These loads are based on the airloads given in table II for the wing and strut. 
The wing bending resultant loads, N^, presented in table III are based on these 
wing bencting moment curves. For this unswept v.ing the torsional loads are small 
and were not considered. The strut stiffens the wing and reduces the deflections 
with the n = .429 strut, as shown in figure 8. The deflections could be further 
reduced by utilizing a longer but heavier strut. 

Weight Results 

Table III presents the detailed wing weight saving for a strut-braced wing 
over a cantilever design. The net weight saving is equal to the wing-skin 
saving, 3.82 kN (859 Ibf), less the weight of the struts a’"C braces, 1.02 kN 
(230 Ibf) as presented later in this section, or 2.79 kN (629 lof). The effec- 
tive wing skin thickness, t, was calculated utilizing equation 7.17 of reference 
4: 
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ULF, where: 


I = wing skin thickness 
= constant = .002 

Lq = rib spacing = .381 m (15 in) 

= running load 
Fco = strength allowable 

W.F = ultimate load factor of 1.5 

An ultimate strength allowable of 379.3 MPa (55 000 psi) was used in the above 
calculation. 

Struts of two different chords were analyzed. The 0.61 m (24 in) chord 
strut was selected based on aerodynamic benefits and minimal vi^ight penalty over 
one with a smaller chord. The two side-brace configuration was selected since 
the combined strut and braces weight was about 18 percent less than the weight 
of the single side-brace design. The strut length associated with attachment 
to the wing at n = .429 resulted in a good compromise between wing weight and 
tip deflection. 

The strut system weight per side was determined to be a' follows: strut, 

.37 kN (83.3 Ibf); braces (2), .02 kN (3.5 Ibf); and attachments .12 kN 
(28.2 Ibf), for a total of .51 kN (115 Ibf). This results in a total airplane 
trut system weight of 1.02 kN (230 Ibf). 

The airplane group weights (which include wing weights) are shown in table 
IV for the I^.B-l airplane and in table V for the SB-2 airplane. The weights of 
the baseline airplane from reference 1 are included in table IV. The weight per 
square foot of the strut-braced wings is approximately equal to that of the 
baseline airplane wing. The SB-1 and SB-2 unit weights are 286.3 Pa (5.98 psf) 
and 247.8 Pa (5.53 psf), respectively, compared to the baseline airplane value 
of 271.5 Pa (5.67 psf). The weights presented for the strut-braced configurations 
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correspond to the cases where, with maximun. payload, the takeoff gross 
weight Hatches that of the baseline airplane or is that required to fly the 
range of the baseline airplane. The or.** exception to this is the cantilever 
S8-2 data in table V which is included to show the weight saving in go'.^g from 
the cantilever wing to the strut-braced design. The mission fuel has no signi- 
ficance other than to put the cantilever configuration the same gross weight 
as the strut-braced wing airplane. Note that the strut-braced wing weight is 17 
percent less than that of the cantilever wing. The S8-1 airplane has similar 
savings. 

The ger^ral conclusion of this weight study is that 5*.rut cing 'f this 
high aspect ratio wing saves weight. Basing wing-weight esti'fetes on wing-box 
strength analysis is valid where little statistical weight c*ata is available. 
These preliminary strength analyses must be used with judp.nerit, for ttere is a 
great deal of non-optimum (not primary load-strength related) weight which must 
be added to determine the wing weight. Further detailed wing design studies are 
required to define this non-optimixn wing weight. It would appear that a large 
portion of the non-optimum weight penalty may occur near the root of the wing; 
therefore, the penalty would be relatively less with increasing aspect ratio. 

Balance Results 

The SB-1 and SB-2 configuration^ were checked for center-of-gravi ty vc.g. ) 
range. For both airplanes, the c.g. for all payload/fual conditions rcHiainetl in 
the required range of 27 to 60 percent of the mean aerodynamic chord, as dis- 
cussed in the stability and control section of this report. 

PROPULSION ANALYSIS 

As required by the study criteria, the strut-braced wing airplane was 
evaluated with two currently available engines. T*'e ani.cipated high-altitude 
cruise requirements led to the selection of the General Electric TF34-6E-100 
engine which has both relatively high-altitude capability and thrust levels at 
altitude consistent with the study aircraft requirements. This model is desig- 
nated SB-1. The second engine is the same as that in the baseline airplane — 
the Garrett Ai Research Ut/31-2-2B scaled to the thrust level of the TFE731-3 
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(ref. 1). This approach was ner^ssary due to the unavailability of TFE731-3 
performance data. SB-2 is the model designation with this engine. 

General Electric TF34-GE-100 Engine 

Description . - The TF34-6E-100 is a two-spool turbofan with separate fan 
and primary exhaust nozzles. This engine is equipped to provide compressor 
airbleed and shaft power for aircraft services. 

At sea level static, standard day ‘ndition^, the design performance is: 
40.26 kN (9050 Ibf) net engine thrust; a specific fuel consun|)tion (SFC) of 
.0377 kg/hr/N (.37 Ibm/hr/lbf); and a corrected airflow of 151 kg/sec 
(333 Ibm/sec). The bare engine weight is 6.35 kN (1427 Ibm) which does not 
in^-lude airframe accessories, irlet, nozzles, thrust reverser, cr cowling. 

Performance. - Uninstalled engine performance at standard day cuiiditions, 
fot the desired airplane operating envelope, was extracted fron. the .cifica- 
tions of reference 5 and the supplementary data of reference 6. Although engine 
performance data provided by the General Electric company terminated at 18 29 km 
(60 000 ft) such data was extended to 19.81 km (65 CCO ft) by extrapolation. The 
19.81 km (65 000 ft) performance data was considered as an absolute limit above 
which furtn^r performance extrapolations would be questionable. 

The installed performance as provided for this study was developed by 
reducing the uninstall'd gross thrust by five percent with no change in fuel flow 
or ram drag at all op .ting conditions. Th's niethod of correcting uninstalled 
perf 'manv.e, for the installation effects of inlet recovery, power extraction, and 
service airbleed, was used since reference 5 did not provide the correction fac- 
tors necessary to adjust for these effects. The five percent tnrust degradation 
was consivered to be a reasonaole penalty based on comparisons of similar engines 
for similar applications. 

Installed engine performance for maximum climb thrust and fuel flow as a 
function of altitude and Mach number is provided in figure 9. Maximum and part- 
power cruise fuel flow as a function of thrusi. and Mach number are provided for 
the nominal cruise altitudes in figure 10. 
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Kacelle. - The engine as provided oy General Electric does not include the 
inlet nozzle, thrust reverser, or cowling. Therefore, using the data provided 
in reference 5, a nacelle was developed ^or tiie engine as shown by the sketch 
in figure 11. 


Garrett AiResearch TFE731-2-28 Engine 

Description. - The TFE731-2-2B is a lightweight, two-spool geared transonic 
stage, front-fan, jet-propulsion engine. It has the capability of providing cow- 
pressor airbleed and shaft power for aircraft services. 

At design operating conditions of sea level static and flat-rated awbient 
tesperature of 22'’C (72't;) the following engine performance is orcvided. At 
takeoff power. United tc five minutes, the net thrust is 15.57 kM (3 500 Ibf) 
with a specific fuel consumption of .0514 kg/hr/N (.504 Ihra/hr/lbf ). At nax'*^um 
continuous power, the net thrust is 14.46 kN (3 250 Ibf) with a specific fue 
consun^tion of .0508 kg/hr/N (.498 »bra/hr/lbf ). The corrected engine airflow 
rate is 51.3 kg/sec (113 Ifam/sec). 

Perfomance. - The uninstalled engine perfornance (ref. 7), at standard 
day operating conditions, was corrected using the methods of reference 8 for the 
following installation effects at all operating conditions. High pressure 
service airbleed or the maximum allowable airbleed, whichever is less, is 
0.23 kg/sec (0.5 »Dri,/sec). The shaft power extraction is 14.9 kw (20 HP), and 
the inlet pressure recovery is 0.99. 

The installed thrust is provided in graphical form for the airplane opera- 
ting envelope. The raxinur clinb rated thrust and fuel flow as functions of 
altitude and Mach ninber are presented in figure 12. Maximum and part-po^r 
cruise fuel flow, as a function of tnrust, ilacn nunber ana altitude, is presented 
i" ‘■•■gure '3. Performance data presented at 16.76 Icm (55 000 ft) altitude is 
extrapolated and should be considered as the upper altitude limit of engine 
operation. 

The data in figures 12 and 13 were adjusted to the level or the TFE731-3 
engine by applying a scaling factor. Toe scaling method employed was that of 
adjusting the thrust and fuel f ow pro; idea by the ratio of the sea level static 
design thrusts of the two engines. The thrust level, are 16.46 kN (3 700 Ibf) 
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for the TFE731-3 and 15.57 kN (3 500 Ibf) for the TFE731-2-2B; the scaling factor 
MS 1.057. 


Wacelle . - Scaling of the TFE731-2-2B nacelle for the TFE731-3 engine was 
not necessary since both engines have the saae basic overall dinensions. Based 
on the dinensions provided in reference 7, an air intake, nozzle and cowling were 
fitted to the TFE731-2-2B engine. The air intake was sized to provide two per> 
cent wore airflow than required y the engine to provide for nacelle ventilation 
and cooling. The nozzles were designed to be co-axial with co-planar exits. A 
sketch of the resulting nacelle with tabulated dinensions is provided as figure 
14. The bare engine weight is 3.27 kN (736 Ibf) for the TFE731-E engine. 

AERODYNAMIC ANALYSIS 


King Design 

The initial ’erodynasic effort in this study was to detemine the area, 
planfom, and airfoil sections for an aspect ratio 25 wing. The area ms 
selected to achieve a high cruise L/D. The increase in wing weight with 
increases in wing area was an indirect consideration. The strut-braced wing 
configuration had not been established at this point, and therefore aerodynamic 
data generated for the baseline airplane study of reference 1 was utilized for 
the wing sizing. 


Wing area . - An average cruise C, 


= .0250 was estinated with one- third 


■^irin 

'.00833) attributable to the wing, leaving .01667 for the rerair.der of the air- 
plane. These values were used for the first study wing area, 27.87 n- (300 ft-)- 
As the wing areas were increased, their drag was assumed to be proportional to 
their areas, and therefore the respective wing Cq *s remained .00833. 

*^!^in 

Tne drag of the remainder of the airplane was assumed to be independent of wing 
area. This produced a constant equivalent flat plate drag area (F) for the air- 
plane minus wing. This procedure resulted in the total airplane Cg 's presented 

'^mn 

in figure 15. For this phase of the study, the total airplane drag coefficient 
was represented by the following equation: 
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The resulting variation of L/0 with is presented in figure i6, based on an 
assued e = .96. 

A preliainary study of naturally laainar airfoil sections was conducted to 
determine the naxiaun cmise C|^*s at the Mach nuabers of interest (.60 to .75) 
before significant drag rises would be encountered. Froa the data in references 
9 to 13, it appeared tiiat lift coefficients in the 0.7 to 0.8 range would be fea- 
sible. Froa figure 16 an area of 51.10 sr (559 ft') was selected as a coaproaise 
between higher L/D*s and anticipated heavier weights of the larger wings. The 
choice was in part based on selecting an L/D of about 30, which was considered to 
be a reasonable L/D objective for the strut-braced wing configuration. 

To finalize the wing area selection it was necessary to evaluate the flight 
speeds and altitudes required to attain the desired lift coefficients. For a 
representative cruise Cj^ of 0.7, the flight conditions are presented in figure 
1/ for a number of weights. These flight conditions are reasonable except at the 
lighter weights, which are limited by the altitude capability of the engine. In 
such cases, for a specific cruise Mach number, the airplane is forced to fly at 
lower lift coefficients with a resulting reduction in L/D. As figure 17 illu- 
strates, operation at the desired lift coefficients and at noderate business- jet 
cruise Mach nunbers requires altitudes well above those for current business 
jets. The engine in the required thrust class with the highest altitude capabi- 
lity was the General Elecric TF34-GE-100. The raxinun operational altitude for 
this engine is 19.81 kr: (65 000 ft), ’’’he study was later exoanded to include 
the baseline airplane engine, the Garrett AiResearch TFE731-3, which is limited 
to 16.76 kn (55 000 ft) but was not considered in wing area selection. 

Wing airfoils and sweep . - The study criteria required NACA naturally 
laminar airfoil sections for the wing. The airfoil selection was rede on the 
basis of the nost favorable drag characteristics at the expected cruise lift 
coefficients and Mach mnbers. The airfoils and associated aerodynamic charac- 
teristics were obtained from wind tunnel tests reported in references 9 through 
13. The sections selected were tne 64^-4'* for the wing root and 64^-410 
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at the wing tip. resulting in a weighted average t/c of 12.2 percent. This t/c 
selection siwplified the design of the airplane by allowing an unswept wing to 
be used, while still perwitting the expected long-range cruise ttKh nuabers to 
be flown without encountering co^iressibiity drag. Note that although the 
cruise Nach mafaers for the strut-braced wing airplane were expected to be lower 
than those for the baseline airplane, the higher operating lift coefficients 
required by the strut-braced wing configuration ruled out an increase in wing 
t/c. 


Drag Analysis 

The drag characteristics of the strut-braced wing airplanes were detenrined 
with aethods previously used for the baseline airplane (ref. 1) where applicable. 
As shown in figures 2 and 3, the two strut-braced wing configurations are identi- 
cal except for the engine nacelles and «igine struts. The total drag of each of 
the three airplanes is represented by the following equation: 


total 


D_-_ D 1 


^nnn 


Presentation of for each strut-braced wing airplane requires two 

“total 

plots; figures 18 and 19 for the SB-1 and figures 20 and 21 f the SB-2. 

Figures 13 and 20 present the basic lift-drag polars and are based on Reynolds 
nunbers corresponding to 129 a/s EAS (250 kts), the climb speed. The effects of 
Reynolds number over the remainder of the ^ight envelope are presented in fig- 
ures 19 and 21. Each of the drag items is discussed in the following sections. 

Minimum parasite drag - The ninimum parasite drag coefficients were deter- 
mined by standard methods, accounting for the drag items shown in tables VI 
through VIII. The baseline airplane data was developed during the study of 
reference 1. The drag values are presented in the form of equivalent flat 
plate area S^) and are based on = 0, and representative long-range 
cruise altitudes and Mach nixnbers. ftote that the drag areas of the SB-1 and 
S8-2, at their different cruise speeds and altitudes, are the same except for 
the engine strut and nacelle. This is due to the offsetting effects on the skin 
friction coefficient (C^) of changes in Reynolds njxnber and percent laminariza- 
tion. 
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The ■iniowi parasite drag coefficient of the wing average aerody- 
nawic section (64^-412) was deterwined by conbining 64-212 data (ref. 9) with 
cairi>er effects frow reference 10. Using this test data and other 64-4xx airfoil 
data (ref. 12) figure 22 was generated showing the extent of natural laainar 
flow achievable as a function of Reynolds nunber (Appendix A of ref. 2). In 
long-range cruise, laainar flow on average extends over approxinately 62 percent 
of the wing chord length for the SB-1 and 60 percent for the SB-2. These laarinar 
flows, which are based on swooth-airfoil test data, require more precise fabrica- 
tion than current industry practice. Due to the shorter chord length, higher 
cruise altitudes and lower cruise Nach mabers, the strut-braced wing operates 
at Reynolds nuiters that are less than half those of the baseline airplane wing. 
The lower Reynolds numbers lead to greater percentages of lawinar flow, but also 
result in higher laminar and toirbulent friction drag coefficients. 

Supercritical airfoils were used for the baseline airplane wing enabling 
speeds uo to the high-speed cruise Mach ninber of 0.80 without encountering 
compressibility drag. This iring was considered to be fully turbulent (ref. 1). 

As a result, the baseline wing has a minimum parasite drag per unit area about 
46 percent greater than the strut-braced wing (tables VI and VII) although the 
baseline airplane cruises at higher Reynolds nuobers. Viewed another way, the 
wing of the strut-braced airplane has 89 percent greater area than the baseline 
airpla:.. wing, but its minimum parasite drag area is only 24 percent greater. 

Wing struts and braces: The strut with two braces was chosen over the 

single brace configuration since it was significantly lighter and the impact on 
drag is small. '!^e strut has approximately the same airfoil (64.J-412) as the 
cverage wing section. The braces have symmetrical 64-012 airfoils. 

The |.-jrasite drag of the struts and braces was established as it was for 
the 'i.^g. Due to the lower Reynolds numbers, laminar flow extended further on 
struts and braces than the wing. The interference effects included in tables 
VII and VIII were estimated based on wind-tunnel tests (ref. 14) wherein the 
interference effects are reduced to a 10 percent increase in the drag of the 
isolated strut and braces. For this application, this allowance was increased 
'.o 20 percent. 
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The resulting drag breakdowns are presented in tables VII and VIII. Note 
that because of the offsetting effects of increased laminarity and decreased 
Reynolds mmber on of the struts and braces remained essentially 

'^min 

constant throughout the cruise envelope. 

The struts and braces combined comprise 6.8 percent of the SB-1 total 

Cq and 7.3 percent of the SB-2 total Cg . at the cruise conditions o^ 
p • p - 

tables VII and VIII. 

Remainder of the airplane; Other than the wing, wing struts, and braces of 
the SB-1 and SB-2 aircraft, the remaining parts of the aircraft were considered 
to be in fully turbulent flow. The contributions to the basic minimum parasite 
drag coefficients are contained in figures 13 through 21. 

Variation of parasite drag with lift . - The variation of parasite drag 
with lift includes angle-of-attack dependent friction drag, pressure drag, and the 
effects of a non-elliptical load distribution on the wing. This increment (^Cg ) 
was based in part on jet-transport flight test data and includes correlations ** 
for the effects of airfoil camber, wing sweep, and thickness ratio. 

Induced drag . - In the bookkeeping associated with the method which gener- 
ated the preceding -Cg , the airplane Oswald efficiency factor "e" becores unity. 

P 

The actual value is obtained through the use of the Cg term. This a;^1ies 

P 

to the configurations with and without struts, but, as will be discussed later, 
tf.e struts produce an additional effect on induced drag. 

The decision to utilize a lifting rather than non-lifting strut and the 
methodology to evaluate the wing-strut combination was based on Appetidix B of 
reference 2. At the aircraft design lift coefficient the spanwise loading along 
the strut span is made uniform by a moderate strut twist. This loading then 
blends into the wing loading from the strut-wing intersection to the wingtip. 
Hence, there is no trailing vorticity sheet for the exposed strut, and the wing- 
strut acts as a kinked-winy biplane. 
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The derivation of wing-strut L/D was based on starting with an elliptical 
wing loading before introducing the strut effects. This is compatible with the 
drag breakdown format being used for the strut-braced wing airplanes where 

is based on e = 1.0. The strut has been placed such that it and the wing are at 
the estimated best long-range cruise (.65) simultaneously. Mith this method 
it is possible to calculate the strut lift coefficient (Cj^ ) corresponding to 

a particular wing lift coefficient (C, ). The relationship of these lift 

*'w 

coefficients, all based on the wing reference area, is presented in figure 23 
for a ntflriber of strut to wing area ratios. Note that the wing area (S ) is 

wm 

the projected wing area and the strut area (S^) is measured normal to its 
surface. From Appendix B of reference 2, the induced drag efficiency factor for 
the wing-strut combination is: 



where > is the angle between the wing and the strut measured in the front view 
and Cj^ is based cn the strut reference area. The variation of "e" with S^/S^ 

with total airplane lift coefficient is presented in figure 24. The lift-drag 
ratios were then calculated, using a representative cruise Cp = .0166 for 

*^min 

the airplane without struts and adding the appropriate minimum parasite drag 
increment for each strut size. The resulting values of L/D were plotted against 
two different lift coefficients (wing C|^ and wing plus strut Cj^) in figure 25. 


Figure 25(a) shows the systematic variation of L'O, increasing with increas- 
ing S /S , as a function of C, . In actual flight, the total C, must be 
s w L 

considered and the struts contribute significantly to the total airplane 
Therefore the overall effect of the struts on L/0 is as presented in figure 
25(b). This illustrates the net result of the offsetting effects on drag due 
to the struts (increased minimum parasite drag and increased efficiency factor). 
As figure 25(b) indicates, moderate size struts can be added to an aspect ratio 
25 wing with little degradation of the airplane L/D. The lift contribution of 
the struts allow the airplane to cruise at higher lift coefficients than without 
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the struts before encountering undesirable airfoil drag characteristics asso- 
ciated with high Cj^-moderate Mach number operation. 

The results of this study were used to select a strut size and to evaluate 
the aerodynamic characteristics of the wing-strut combination. Structural 
requirements defined the attachment point of the strut to the wing. Since it 
was shown that strut size did not have a significant effect on L/0, a strut size 
was selected with the same t/c as the average wing t/c. This resulted in a strut 
with the same drag rise characteristics as the wing and still large enough to 
generate a significant amount of lift. 

The strut-wing area ratio selected was .170, but to account for interference 
effects the strut was reduced in length, for analytical purposes, resulting in 
S /S = .139. The induced drag was based on this reduced area ratio; 
but the minimum parasite drag of the struts was based on thei* tot^^l area 
(S /S = .170). For the incompressible flight regime, angle-of-at >~.k dependent 

S W 

drag coefficients, plus Cp ) are presented in figure 26, which demon- 

p i 

strates the aerodynamics advantage of the aspect ratio 25 wing over the aspect 
ratio 9.77 design. 

Compressibility drag. - The naturally laminar NACA airfoils have a much 

earlier drag rise than the supercritical airfoils used in the baseline airplane 

wing. Compressibility drag was zero for tte entire speed range of the baseline 

airplane (ref. I). The data sources of the compressibility drag increment for 

the strut-braced wing were references 9 and 10. The magnitude of Cj. was such 

*^M 

that it affected the selection of high-speed cruise Mach numbers. 

Effect on wing sizing. - A comparison of the final L/O's (fig. 25b) to 
those determined in the wing sizing phase of the study (fig. 16) indicates excel- 
lent agreement. Therefore the wing is properly sized to meet the L/D objective 
as stated in the wing area section of this report. 

Stability and C ntrol 

A cursory stability and control analysis of the strut-braced wing business 
jet was conducted in order to determine the required horizontal and vertical tail 
areas. All tail sizing was based on static stability and control criteria for 


20 



takeoff and landing. The TF34-GE-100 engine was used for empennage sizing for 
both strut-braced configurations. This results in a slightly larger empennage 
than needed for the S8-2 configuration due to its lower engine-out moment. 

The aft locarion of the main landing gear on the strut-braced wing configur- 
ations causes a relatively large amount of longitudinal control power to be 
required for rotation during takeoff. This defif«s the forward center-of-gravity 
limit as shown on figure 27. The aft center-of-gravity limit is based on main- 
taining a ten-percent mean aerodynamic chord (MAC) static margin. A center-of- 
gravity range of 50.8 cm (20 in) was deemed adequate to allow for variations in 
loading. The minimum horizontal tail area which meets all ttese criteria is 46 
percent larger than the horizontal tail of the baseline airplane. The control- 
lable center-of-gravity range is from 27 to 60 percent of the MAC, further rear- 
ward than usual due to the large eirpennage. For the vertical tail, an area 70 
percent greater than that of the baseline airplane is needed to provide sufficient 
positive directional stability for the strut-braced wing configurations. The 
rudder size is based on the ability to maintair. a straight path during takeoff 
with one engine inoperative. Figure 28 presents the directional control capability 
of the airplane for several chord ratios and rudder deflections. A chord ratio of 
0.3 and a maximum rudder deflection of ±30 degrees was selected as indicated. 

PERFORMANCE AND ANALYSIS 
Takeoff and Landing Performance 

It was concluded in reference 1 that takeoff and landing performance of the 
baseline airplane would be comparable to existing business jets. Compared to the 
baseline airplane, the strut-braced wing configurations have greatly reduced wing- 
loadings and equal or higher thrust-weight ratios. These factors will enhance 
the takeoff and landing performance of the strut-braced wing airplanes. The SB-1 
and SB-2 may have such a strong capability in these areas that it may be possible 
to eliminate high-lift devices. 


Mission Performance 

The mission performance of the strut-braced wing aircraft was determined for 
two differing criteria. In the first case, the baseline airplane maximum gross 
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weight [86.3 kN (19 400 1bf)J was used as the maximum gross weight for the strut- 
braced wing configurations. The operating empty weights of the strut-braced wing 
aircraft are treater than that of the baseline airplane; therefore, at constant 
T0Q1 the available fuel is reduced. The range capability with this reduced 
fuel was determined and compared to the baseline airplane range for each payload. 

The second approach was directly related to fuel efficiency in that the 
strut-braced wing airplanes were made to fly the same payload-range as the base- 
line airplane, as previously established in reference 1. The fuel required to 
fly these missions was determir^d and compared to that of the baseline airplane. 

Payload-range capabilities were calculated using the same mission ground 
rules as were used for the baseline airplane (ref. 1). Climb performance was 
based on a speed schedule consisting of a constant equivalent airspeed segment 
[129 m/s (250 kts)] followed by a segment at cruise fiach number. The cruise 
segment was analyzed in the cruise-climb mode at the best Breguet range-factor 
altitude or at the cruise ceiling when so limited. The reserve fuel allowance 
was equal to that needed for 45 minutes of additional cruise. 

An additional variable affecting payload-range performance was the accommo- 
dations provided for the passengers. Two methods were employed to account for 
these items. In the first case the full accommodations (for 13 passengers) 
remained aboard the airplane as the number of passengers was reduced ana is 
referred to on the figures as "passenger accormnodations for 13 passengers". 

The second method removed the accommodations provided for each passenger as the 
passenger was removed from the payload. On the appropriate figures, this case 
is referred to as "with passenger accommodations adjusted for number of passen- 
gers". The weight increment for accommodations is part of the operating weight 
[445 N (100 Ibf) per passenger]. Payload, although referred to as "passengers", 
actually consists of passengers plus luggage [756 N (170 Ibf) plus 133 N (30 Ibf) 
per passenger]. 

Cruise speed selection. - Long-range and high-speed cruise Mach numbers 
were selected bused on the variation of range with cruise Mach nuirtier. The 
corresponding ranges are presented in figure 29 and were based on gross weights 
where passenger accommodations were adjusted for number of passengers. The fuel 
loads were varied with number of passengers (payload), and were based on the 
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requirements at aver?je cruise Mach numbers for flying the baseline airplane 
range. 

The long-range speeds selected were those resulting in greatest range 
except in the case of the SB-1 airplane, where a little higher speed was selected 
to provide a lower blocktime with a negligible effect on range. The speeds 
selected were M = .65 for the SB-1 and M = .55 for the SB-2 cotiqiared to M = .71 
for the baseline airplane. 

High-speed cruise Mach numbers were selected such that the increased 
speed reduced range by approximately 10 percent. The resulting cruise speeds 
were M = .70 for the SB-1 and .65 for the SB-2. The corresponding speed for the 
baseline airplane is M = .80. 

Pay pad versus range. - The payload-range capabilities, with maximum gross 
weight limited to 86.3 kN (19 400 Ibf), are presented in figures 30 and 31. The 
baseline airplane curves are from reference 1. Differences in operating weight 
between the various configurations is reflected in fuel available (fig. 32). 

The aerodynamic improvement of the SB-2 over the baseline airplane outweighs the 
reduction in fuel and increase in operating weight up to a payload of approxi- 
mately 11 passengers. However, in the case of the SB-1 airplane, the weight 
increase over the baseline airplane is of such magnitude that the available fuel 
is severely limited; in spite of the improved aerodynamics the range is drasti- 
cally reduced. Maximum fuel for the baseline airplane is 3.45 Mg (7 600 Ibm) 
while for the strut-braced wing airplanes it is 2.88 Mg (6 350 Ibm). 

Fuel efficiency. - The fuel savings with the strut-braced wing aircraft 
developed in this study are significant. One of the factors constraining the 
fuel saving is the altitude limitation resulting from the use of available 
engines. The effect of this limitation is illustrated in figure 33 which pre- 
sents long-range cruise C|^ and L/D of the SB-1 and SB-2. It can be seen 
that as the airplanes become lighter, with decreasing numbers of passengers, the 
difference between C|^ and L/D at start and end of cruise increases. This 
large difference is a consequence of cruising at lower than optimum altitude and, 
therefore, at higher dynamic pressures. The net result is a decrease in both 
and L/D. This effect is illustrated on figure 34, which presents curves 
(dashed lines) representing the C|^'s and corresponding L/D's that occur at the 
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start and end of the cruise segement. These curves are based on all the payloads 
incluoed in the study and are shown relative to those based on the drag polars. 
The range of cruise altitudes is also indicated on tiiese figures. 

In spite of the engine limitation effects, the aerodynamic benefits of the 
strut-bra''“d wing designs are quite large conpared to the baseline airplane, 

A summary of the long-range and high-speed cruise L/O's is presented in figure 35 
for all models. The narrow range of the baseline airplane reflects the fact 
that the airplane was not cruise-ceiling limited and, therefore, was consistently 
able to attain its best Breguet range factor altitude, which is essentially a 
constant Cj^ operation. The average increases in long-range L/D, over the 
baseline airplane, are 82 percent and 77 percent for the SB-1 and SB-2, respect- 
ively. The average L/D improvement at high-speed cruise conditions is 84 percent 
for the SB-1 and 67 percent for the SB-2. 

A typical variation with payload of average cruise specific fuel consump- 
tion and gross weight is presented in figure 36. Conpared to the baseline air- 
plane, the SB-2 weight increase due to its larger wing area is largely off-set 
by the »*educed fuel requirement. The SB-1 is substantially heavier than the 
baseline airplane and the SB-2, due almost entirely to its larger engines. The 
resultant wing loadings are 1.92 Pa (40.0 psf) for the SB-1 and 1.70 Pa (35.5 
psf) for the SB-2, compared to 3.19 Pa (66.7 psf) for the baseline airplane. 

These wing loadings represent a reduction from the baseline of 40.0 percent and 
46.7 percent for the SB-1 and SB-2, respectively. 

The results of the mission calculations which form the main objective of 
this study are summarized in figures 37 through 38. The plots present the fuel 
required to fly the range of the baseline airplane, versus payload, at the stated 
conditions. The corresponding ranges are from figures 30 through 31. The fuel 
savings, in percentage form, did not vary much with payload, acconmodations, or 
cruise Mach number. The average reduction in fuel required is 22.5 percent +2 
percent and applies to both the SB-1 and SB-2 airplanes. An additional compari- 
son was made whereby the long-range baseline airplane mission was flown at nigh- 
speed cruise Mach ntmibers by tne strut-braced airplanes. This would be done to 
reduce block times, but the fuel savings decrease to an average value of 16.5 
percent + 1 percent. The takeoff gross weights ror these missions are presented 
in figures 39 and 40. 
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Productivity and Cost Considerations 

As detailed in the preceding "cruise speed selection" section, the cruise 
speeds of the strut-braced wing airplanes are substantially lower than those of 
the baseline lirplane. The lower :ruise speeds result in longer trip times and 
therefore, reduced aircraft productivity. The strut-braced configuration with 
the higher cruise speed has a significantly larger engine i^irh contributes 
additional cost. Furthermore, both strut-braced wing configurations have higher 
operating anpty weights than the baseline airpiane. Since constr *ction costs 
tend to vary directly with weight, the strut-braced wing airr^aft will probably 
have a greater initial cost. Additional costr will also j because of sjr- 

face tolerance requirements for natural laminar flow airfoi th the need for 

more stringent construction practices. T!>ese factors, all of whici. adversely 
impact operating costs, must be weighed against the fuel savings indicated in 
this study. 


CONCLUDING REMARKS 

A study has been conducted to evaluate a transatlantic-ra* ge business jet 
with a strut-braced high aspect ratio wing and to compare its performance to a 
similar business jet with a conventional wing. With both airplanes flying the 
same payload- range, a substantial fuel savings is realized with the strut-braced 
wing design. These savings are possible over a wide range of payloads, operat- 
ing weights and cruise speeds and for several engines. The strut-braced wing 
airplane cruises at higher altitudes and lower speeds than the conventional wing 
configuration due to significantly higher cruise lift coefficients. These lift 
coefficients are required to realize the much higher L/D potential of the high 
aspect ratio wing. Also, due to its larger wing, the strut-braced wing airplane 
has a much lower wing loading than the conventional wing airplane. Although 
strut-bracing reduces the total weight for a given wing planform, the larger, 
high aspect ratio wing weighs more than the convent' ^al wing. The improved 
aerodynamic performance, however, more than compensates for this weight penalty. 
Due to the wing size and complexity, the strut-braced wing airplane will be more 
expensive to build, and, due to the lower speeds, less productive than the con- 
ventional wing configuration. 
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TABLE 1. - PHYSICAL CHARACTERISTICS 
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Span, m (ft) | 2.44 (8.0) 3.25 (10.66) 

Taper ratio j ,423 .450 



Configuration 



t 



LOAD MING AIRLOADS | STRUT LOADS 

CONDITION (per one side of airplane) (per strut) 
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TABLE 111. - WING SKIN WEIGHT SAVING DUE TO STRUT-BRACING 
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TABLE IV. - SB-1 AIRPLANE WEIGHTS 
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TABLE V. - SB-2 AIRPLANE WEIGHTS 
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TABLE VI. - MINIMUM PARASITE DRAG OF BASELINE BUSINESS JET 
AT M » .71 AND 15.24 km (50 000 ft) 
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Airplane Wetted Reynolds Drag Coeff. Equivalent Flat 

Part Area Number Item Plate Area 
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TABLE VII. - MINIMUM PARASITE DRAG OF SB-1 CONFIGURATION 
AT M » .65 AND 18.29 km (60 000 ft) 
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TABLE VI 1. - Continued 
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TABLE VII. - Concluded 




TABLE VIII. - MINIMUM PARASITE DRAG OF SB-2 CONFIGURATION 
AT M - .65 AND 16.76 km (55 000 ft). 
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Figure 1. - General arranaenient of baseline business 
Jet with TFE731-3 engines. 




Figure 2. - General arrangement of strut-braced wing business 
jet with TF34-GE- 100 engines (model SB-1). 




Figure 3. - General arrangetnent of strut-braced wing business 
jet with TFE731-3 engines (inodel SB-2). 




Note: All material is aluminum. 
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Figure 5. - Typical wing strut two beam structural box and secondary structure. 



Fuel * 1.77 Ng(3900 1b«), at naneuver conditions 



Figure 6. - Wing bending monents of Ca..*‘ilever and strut-braced 
wings on 86.3 kN (19 400 Ibf) SB-2 airplane. 


QRKHNAL PAGE IS 
OP POOR QUALITY 



Fuel = 1.77 Mg (3 900 Ibn) . at oaneuvei* conditions 



Figure 7. - Wing shear of cantilever and strut-braced wings 
on 86.3 kN (19 400 Ibf) SB-2 airplane. 
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Figure 8, - Wing deflection of cantilever and strut-braced 
wings on 86.3 kN (19 400 Ibf) SB-2 airplane. 


%>KIGIN'AL PAGE lb’ 
OP POOR QUALIIT 





Net engine thrust, kN 


Pressure altitude x 10'^, ft 

0 1 2 3 4 5 6 

1 1 ! 1 1 1 1 



Pressure altitude, kr.. 
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Figure 9. - Installed De'-forrnance of TF34-GE-100 engine; maximum 
clirD rating at standard atrosoneric conditions. 
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(a; n - '5.24 km (50 030 ftj 


Figure 10. - Installed oerformance of TF34-GE1Q0 engine; 

thrust and fuel flow for maximum and part 
power cruise at standard atmopsheric conditions. 
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Fuel flow, Ibm/hr 










Maximum Cruise 







Figure 11. - TF34-6E-100 turbofan engine nacelle 
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Figure 13. - Installed cerfcrrance of TFE731-2-2S engine; 

tnrust and fuel flow for -Taxinir: and part 
powe** cnjise at star,ta*'a atniospr.eric conditions. 
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Figure 14. - TFE731-2-2B and TFE731-3 turbofan engine nacelle 
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NOTE: These Cp 's were used for wing sizing only 

ahd^ere based on” preliminary 
drag estimates. 


Figure 15. - Minimum' parasite drag coefficient versus wing area 
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Figure 19 . 


- Incremental minimum parasite drag coefficient due 
to Reynolds number, for the strut-braced wing 
airplane with TF34-GE-100 engines (SB-1). 
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Figure 21 . * Inert » .e ■ Binis«u® parasite <lrag coefficient 

due tc. Reynold s rm rber. for the strut-braced wing 
airplane with TFE731-3 ffigines (S8-2). 
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Figure 27. - Center-of-gravity limits for takeoff and landing. 
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Figure 29. - Range versus cruise Mach number and numbers of passengers. 

Passenger accommodations adjusted for nunber of passengers 
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Figure 30. - Pe^yload versus range at long-range cruise Mach 
nuirbers. Maximum gross weight equals 86.3 kN 
(19 400 Ibf) for all models. 
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(b) Passenger accommodations for thirteen passengers. 








Range x 10 



Payload versus range at high-speed cruise Mach nutrt>ers. 
Maximum gross weight equals 86.3 kN (19 400 Ibf) for all 
models. 
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(b) 1‘assengnr accomniodatlr-s for thirteen passengen. 
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(b) SB-2 at M = .55. 


Figure 34. - Concluded. 
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Figure 36. - Comparisons of average cruise gross weight and SFC for 
baseline range at long-range cruise speed, passenger 
accoiiroodations adjusted for number of passengers. 
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Specific fuel consumption, (lbm/hr)/lbf Gross weight x 10" 





(a) Passenger accommodations adjusted for number of passengers. 


'Figure 37. - Total fuel required to fly baseline range, 
at long-range cruise Mach numbers. 
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fuel requ'. ’d x 10 




(b) Passenger acconmodations for thirteen passengers. 


Figure 37. - Concluded. 
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(a) Passenger accommodations adjusted for number of passengers. 


Figure 38. 


Total fuel required to fly baseline range 
at high-speed cruise Mach numbers. 
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Total fuel required x 10' 
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(b) Passenger accomnodations for thirteen passengers. 


Figure 38. - Concluded. 
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(a) Passenger accommodations adjusted for number of passengers. 


Figure 39. - Takeoff gross weight for baseline payload-ra.’ge 
missions, at long-range cruise Mach numbers. 
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